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FOREWORD 
' 

}i':;�eeze-dried raw pork chops ·are purchased by the Armed Services for the 

B-!9.tion and for special purposes. Complaints have been received from the 

field indicating the chops were considered tougher than they should be. 
I 

.It. has been shown ,that freeze-dried meats are generally tougher than 

the equivalent fresh· or frozen meats. Studies concerned with dehydre.tion 

and predehydretion variables have shown that while some improvements can be 

roede in these areas, any such improvements will not overcome the field com-

plaints. Since rehydration and cooking procedures are known to he.ve some 

eff�ct on tenderness,.this study was conducted to obtain definitive inform-

ation in these areas. 

The work ws,s performed under project 1J662713A034, Military Food Service 

and Subsistence Technology. 
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ABSTRACT 

A full factorial study was conducted with freeze-dried raw pork chops 

in which the chops were rehydrated at three different temperatures (27°1 38°, 

49°C)� equilibrated before cooking for three periods (0, 4, 24 hours), cooked 

by two different methods (fry, bake), and coated in three different ways (none, 

f'lour, breading) • The cooked products were evaluated for tenderness by a-

'technological taste panel and penetrometer readings and for water retention 

CJ.·uJt:l.ng cook:i.ng. 

Analysis of variance indicated that-the use of a coating increased the 

tende�1ess of the cooked product appreciably without a substantial increase 

in cooking time and that breading was more effective than flour alone. Rehy

dration water temperature and cooking methods had statistically significant 

effects on the tenderne�s, but accounted for only small percentages of the 

total variance observed. Rehydration equilibration time was not statisti

cally significant. Water retained in the product during cooking was linearly 

C0l'C'l .. ela,ted with tenderness ( r = • 5) • 
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INTRODUCTION 

It is generally racognized that freeze-·d.ried meat is tougher· than the 

equivalent fresh or frozen meat. Complaints from the field regarding freeze= 

dried ra,., pork chops have indicated that toughr.>.ess is a significant problem. 

Tuomy and Helmer ( 1967) shm�ed that freeze-dried raw poTk was substantially 

tougher than the fresh frozen although there were wide variations between 

the various loins used in the study. Studies have shown that freeze�dryil\g 

conditions affect the quality of freeze-c1ried meats (Tuomy and Felder, 1964; ; 
Tuomy et al. 1962). A recent study specifically on freeze-dried raw pork 

chops (Brown et al. 1972) found that dehydrator pressure and temperature had 

statistically significant effects on the product tenderness. However, these 

effects were generally small in comparison to the effects caused by storage 

temperature and time. It was indicated that rehydration a.nd cooking p:roce� 

d.ures could be major factors in the tenderness of the cooked product. Tuomy 

and Lechnir (1964) showed that cooking temperatures and times could have con� 

siderable effects on the final tenderness of pork although freeze-dryi�� was 

not used in this study. 

It has been postulated that the water of rehydration in freeze-dried 

meat is not as "Cightly held as it is in nom.a,l mee,t. Therefore, it ivill be 

d.riven. off more easily during cooking resulting in drying and tougnenin.go 

If this is true, the cooking procedures should have a marked effect on the 

final que,lity. Szczesniak et al. (1965) noted that the method of rehyc1.:t"&� 

Mon d.id appear to have an effect on the wa.ter retention, but did. not denrelop 

this observation any further. 
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EXPERD1ENTAL MNrHODS 

Fresh bone-in pork loins (12-14 lbs) were obtained �rom midwestern 

sources. The longissimus dorsi muscle ws.s dissected from each loin, stu�fed 

into 8.25 em casings, and frozen in a. blast �reezer at -29°C. A�ter �reezing, 

the muscles were cut i:nto 0. 95 em thick d,iscs. The discs were cut into 6. 4 em 

circles with a drill press and cutter and returned to the -29°C �reezer. All 

o� the frozen discs were completely mixed to achieve randomization and �reeze

dried with radiant heat, a platen temperature o� 43°C and a dehydrator pres

sure of 200 - 400 microns. After �reeze-drying the discs were placed in 300 x 

200 cans, three per can. The cans were evacuated and flushed back with nitro

gen three times before sealing and then stored at 4°C until used. 

'l'he study lr?a.S designed e.s a. �ull factorial with three replications. 

Factors and levels used were: A .  rehydration lta.ter temperature (27°, 38° and 

49°C); B. rehydration equilibration time (0, 4, 21+ hours) ; c. coatings ( none, 

flour, breading) ; and D. cooking methods ( fry, bake) . 

'I'he pork slices were rehydrated in a constant temperature water bath 

for 20 minutes being turned over at the end o� 10 minutes so tho.t the "dry" 

side was down for the final 10 minutes. The bath was maintained at t o.6°c. 

After rehydration, the slices were drained on a. plastic screen with 3.2 mm 

square openings. The rehydrated slices were placed in covered glass pe·tri 

dishes and held in a 4°C box. Zero rehydration equilibre.tion time was con

sidered as the point at which the slices reached a temperature of 4°C. approxi

mately 30 minutes a�ter completion of rehydration. 

The flour coated slices were dredged in wheat �lour by hand to obt�in 

as uni�orm coating o� �lour as possible. The breaded slices were first dipped 

in Modern Maid Batter Mix 4113 and then coated with Modern Maid Redi-Breader 

1149. Frying was e.ccomplished in an electric �rypan at 190° : 3.8°c with 10 cc 
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o:f com oil. The floured and breaded slices were fried 2-k min per side to 

an approximate internal temperature of 77°C. The slices with no coat.ing 

were fried 2 min per side to the same internal temperature. Baking was 

accomplished in a reel oven at 163°C. Slices with no coating were held in 

the oven 12t min and the coated slices 10 min to give an approximate inter� 

nal temperature of 77°C. 

The slices were penetrated, using an L.E.E. Kra,mer Shear Press modified 

and used according to the procedures of Hinnergardt and Tuomy (1970). All 

slices were penetrated before and after cooking. Coatings were removed by 

scraping before the cooked chops were p'enetrated. All evaluations were done 
l 

uith the slices at an internal temperature of 4°C. The ma.."l!:imum reading in 

the time-f'orce curve was used _for the analysis. 

Taste panel evaluation was made by a 10-member technological panel 1at-

j_ng the product on a 9-point scale for tenderness only where the highest 

number was the most acceptable. The same panel was used for all evaluations. 

The p:r.od.uct penetrated after cooking was used :for panel evaluations. 

3 



RESULTS AND DISCUSSION 

Ave:r.'8.(5..:!�:t of the data obtained are shown in Tables 1 thru 4. Tables 3 

G',:nd J�. g:5:�re t·-;.yo different aspects of moisture retention during cooking. 

Table 3 t1l1ows the percent we.ter in the final cooked product whereas Tab�e 4 

sLc-;,;�·� the percent of total water of rehydration lost during cooking. Ar..a.ly-

sis of v'"'Sl.ria�ce l"esults a.lo:ng "rtth percents of variance e.re shmm in Table 5. 

Ar.-.al;y·sis for penetrometer results in Table 5 was made on the difference 

be·twee:v. r·=adi:ngs on the same slice raw e.:nd cooked. The coe.tings and cooking 

me-1-.;hod.s x coat:tngs interaction were both significant a. t the 1 percent level, 

ru?.•i together accounted for 77.8 percent of the observed variance with coat-

bgs alone 8.ccounting for 65.�· percent. Using the Duncan Multiple RR.nge 

Test ·(:ouncan, 1955), it is fou...TJ.d that there is a statistically significant 

d.ifferance bet1�een ell three of the coating means with increased tenderness 

occul�ing with inc�eased amount of �eating. Both rehyd�.tion �re.ter tempera� 

tu!"e and cooking methods were sta.tisticall�r significant at the 5 percent 

leyel.? bu'c only e.ccounted for small percentages of the observed variance. 

With w&ter temperature, the most tender product occurred with the lower tempe�.-
. 

tu:t."e. With cooking methods, feying produced. t.he most tender product. The 

cooking methods x coatings interaction "t\'.9,s significant at the l percent level. 

Inspection of the interaction sums ('I'able 6) shows that ( 1) f�Ji:P.g :resu.lts 

in a Aignif'icantly tougher product than baking when no co�:�;t.ings 8\,re used and 

(2) the use of coatings has a much greater tenderizing effect with the f1•;.ed 

p:.rod.uct than it does 1rl.th the baked. The net result vTas tb.at the feying main 

effect shm.;red up in the av..al,ysis as prod.ucin.g the most tend.erness. In. this 

cese the interaction is more importe.nt than the main effect. 
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The analysis of taste panel resul'Gs for te:nder-1.1ess showed sta.tist:f.ca.ll;r 

s1gnif'ica.nt results f'or rehydration water temperature, coatings, and the 

rehyd:mtion w.ter temperature x rehydration equilibration time.. As wi�'jh the 

penetrometer readings, the lo·west rehyd:mtion 
_'
\\Yater temperature B.!!d the 

heavier coatings produced the most tenQ.e!" products. With the inte:i:'al,ctio:o. 

the combination of breading e�d 24 hours, equilibration time produced the 

most ·i;e:uder product. However, considerin.g tll..at the rehyCI .. re;tion eq,uilil.:>:i:·a� 

tion time sums were not linear and the penetrometer did not sho'TIT. this intelr'

a,ctlo:n··tts significant, it is evide11.t that more work is needed 'before the 

significance of the effect can be firmly established. 

While both, the wa,ter retained in the cooked product s..nd the percent 

of total water picked up in rehydration lost during cookivg, linearily cor

relate with both penet.romete:r.' readings and tau�te panel results with co:k"l'ela

tion coefficients of approximately 0.5, the 'Gwo values do not tie in wHh 

penetrometer and taste panel results too well on a pra.ctical ba.sis. Cook� 

:lAJ.g rn.ethod.s acc ount .. f'ozo much mo:re of the variance and the :rehyd.::cation wa;cer 

terJ.rperature x coatings is cons:i.cle:rably higher par-ticularly with the rehyo.�� 

-�ion wa.te1• lost. The wa,te::r should. be e. much more impm:��.:nt factor �-n other 

organoleptic attl'""lbuteG such as fls.vor an.d mouth :feel. 

It has been recognized :ror some time that f>:•eeze-deying ·i;oug..l-J.ena u-.e�:t 

e..Mrl that extra cooking is needed to overcome this ·couglmess. Bs.k:tl-:�g or 

steaming a:re two ways :tn which it rrey b•!:) overcomeo Howev·eX', it is evir.lent 

from this s'Guey tll..a'G freeze-dried :po:rk chops can be g:r.illed. to en acceptable 

tenCJ .. er,.tess provided a coating or b:ree.d.i� is used. 
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TABLE 1. AVERAGE DIFFERENCE BETWEEN RAW AND COOKED PENETROME'l'E.R RF�wr.�GS 
IN KILOORAMS 

--· 

RERYDRATION WATER TEMP ( °C) 

COOKING COATING 
METHOD 27 38 49 

REHYDRATION EQUILIBRATION T�ME (HRS) 

0 4 24 0 4 24 0 I, 
� .. 2�· 

NONE 2.99 4.54 3.13 3.22 3.5�·· 2.90 4.67 2.63 j.86 

FRY FLOUR 1.95 2.09 1.77 1.81 1.41. 1.68 0.68 0.32 1.�7 
----

BREAD 1.50 1.04 1.63 1.50 1.41 1.09 0. 50 0. 82 1. 13 

NONE 2. 72 2.99 3.18 2.86 3.36 2.81 3.04 3.o8 2.63 

FLOUR 1.91 2.22 2.18 1.86 2.63 3. 36 1.91 2.09 loL�5 
�-� 

BREAD 1.50 2.09 2.18 1.91 0. 86 1.77 1.�59 1.68 1.36 
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TABLE 2. AVERAGE TECHNOLOOICAL RESPONSES ON A 9-POINT SCALE 

REHrDRATION WATER TEMP ( 0°C) 
COOlaNt} COATING 27 38 49 
MEn' HOD 

REHYDRATION EQUILIBRATION TIME (HRS) 
0 4 24 0 4 2�- 0 4 24 

NONE 6.0 5 .. 0 8.2 5·17 4.3 6.0 3.1 4.9 �-.2 

FRY. FLOUR 6.0 5·9 6.4 6.2 5.8 6.1 5·7 6.2 .4. 8 

BREAD 6.2 6.9 7.1 6.4 6.2 6.7 7-4 6.5 5:6 

... 

NONE 6.0 5·3 5.8 5.8 l{..9 5.1 �.tp 5.8 3·5 

FLOUR . 6.3 5.1 7.2 6. 2 5.1 5.1 4.9 5·5 7.0 

BREAD 6.4 5·5 5.8 6.6 7.0 6.5 4.8 5.4 5·5 
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TABLE 3. AVERAGE PERCENT WATER IN COOKED PRODUCT 

REHYDRATION WATER TEMP ( 0c) 

27 38 �-9 

COOKING COATING REHYDRATION EQUILIBRATION TIME ( HRS) 
METHOD 

0 4 24 0 4 24 0 
"· 

NONE 52.0 53.6 56.3 53.0 51.8 54. 5 50.6 

FRY FLOUR 53.2 55.0 57.8 52.4 53·3 53·7 59·5 

BREAD 62.6 59.8 59.6 57.2 57·3 60.6 59.1 

NONE 56.0 50.2 52.9 49.2 51.1 53.6 50.5 

BAKE FLOUR 53.6 55.2 56.6 48.5 50.0 48.8 48.1 

BREAD 55·3 55.0 52.0 51.6 57.4 54.0 54. 5 

9 

4 24 

49.5 49.b. 

58.6 50.7 

59. 1 58.1 

48.7 52.7 

48.1 55.8 

51.5 52.3 



TABLE 4. A VERA.GE PERCEN'l' OF REHYDRATION W.ATER LOST DURING COOKil\ili 

REHYDRATION WATER TEMP ( 0°C) 

COOKI�G C�TING· 27 38 49 
r.r.w:r:au:o REHYDRA'riON EQUILIBRATION TINE ( HRS) 

0 4 24 0 4 24 
( 

0 4 24 

N'ONE 49.5 54.5 47.5 45.8 52-5 50.0 50.9 57-3 52.3 

FRY FLOUR 48.4 52.9 43.6 52.8 53.8 50.3 30.2 30·5 5J.l 

BREA.D 37·7 44.2 38.6 43.5 43.4. 38.3 35.8 26.8 27-7 

NONE 43.1 58.5 57.2 55-2 56.2 50.1 49.5 5�-l-.1 48.8 

�.KE F'LOUR 51+.8 50.4 43.2 61.5 56.2 62.5 52.9 56.0 35.3 

BRF' ... A.D 41.,..0 49.2 55.2 44.5 49.8 52.2 38.0 45.6 4J�.o 
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'.rABLE 5. ANALYSIS OF VARIANCE RESULTS AND PERCENT OF TOTAL VARIANCE 

PENETROMETER TASTE PANEL WATER RETAINED REHY WATER :"..OSS 
FACTOR SIG 'fo VAR ·SIG '{oVAR SIG 'fo VAR SIG 'fo VAR 

A REHY H20 TEMP �l· 2.2 ** 26.6 ** 7·9 *{� 9·5 

D REHY EQUIL TIME n.s. n.s. n.s. * 1.3 

C COOKING METHODS * 1.4 n.s. ** 26.7 ** 12.1 

D COATINGS �·* 65.4 *•* 36.4 ·:h'l- 29.3 -1!-:l- 17.6 

AB n.s. ** 8.4 n.s. - n.s. -

AC n.s. n.s. n.s. - n.s. 

AD ·:<- 3.6 n.s. * 5.2 ** 32.2 

:BC n.s. n.s. n.s. n.s. 

BD n.s. n.s. n.s. n.s. 

CD ** 15.0 n.s. ** 14.4 ·!!* 5·3 

REMAINDER 12.4 . 28�2 16.5 22.0 

* Significant at the 5% level. 
·lf�· Significant at the l'fo level. 
n.s. Not significant at the 5% level. 
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T�..:BLE 6. COOKING METHOD X COATINGS INTERACTION SUMS - Dm'ERENCE BETWEEN 
RAW AND COOKED PENETROMETER READINGS IN KILOGRAMS 

FF}ring ( C 0) Baking ( c1) 
No Coa;t;i:ng {D0) 283.2 240.0 

Flour {D1) 116.8 175.4 

Breading {D2) 96�3 134o5 
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